INTRODUCTION
It is very important to know the target strength (TS) pattern of fish both for acoustic surveys of fisheries resources and for design of quantitative echo sounders. The TS pattern is defined as a TS function of the tilt angle. There are two methods to measure TS pattern of fish: one is the echo trace analysis method1'2 used for fish in situ and the other is the controlled method3'4) used for dead, stunned or anaesthetized fish. The former analyses the echo trace which is consisted of the successive echo pulses returned from single target. By analyzing these echo traces, the TS pattern and the swimming velocity of the target can be derived. Although a swimbladder condition, which is very important5-7) in sound scattering by bladder fish, seems to be natural in the TS measurement in situ, it is sometimes difficult to identify fish species and evaluate length of fish exactly. Moreover, signal to noise ratio becomes small when fish swims at the An automatic and precise TS measurement system is constructed with a target rotating mechanism for this indoor tank. In order to examine the exactness of the system, we prepared nine different prolate spheroidal physical models carved as precisely as possible with expanded polystyrene (EPS). We measured the TS patterns of the six models using this system and compared the measured results with the theoretical ones which are calculated theoretically.7)
2. MATERIAL AND METHOD
Measurement System
The block diagram of the system is shown in Fig.  1 . The system consists of three separate but interconnected parts ; a fish rotating unit, an echo sounder unit, and a data recording unit. The fish rotating unit and the data recording unit are connected with a general purpose interface bus (GP-IB). The rotation angle is controlled by a PC (HP9000 Model382, Hewlett Packard) using a stepping motor. Since the existence of two controllers is not permitted at the same time in the same GP-IB line, a router, which can communicate between the PC for data recording and the PC for controlling fish tilt angle, is used.
The target suspension and the rotation system are shown in Fig. 2 . Small hooks are put in the both ends of a target and a thin horizontal line locates the target between two vertical suspension lines. The top of these lines are connected to the two sides of a rotating bar that is mounted on the axis of a step- ping motor. The vertical lines are tensioned by a simple weight and pulley system. A copper sphere is suspended as a standard sphere when we calibrate the acoustic system before or after the TS pattern measurement.
Transmitting and receiving are done using echo sounder8) (KJ1000, KAIJO) with a split beam transducer set on the bottom of the tank. Specifications of this echo sounder are shown in Table 1 .
Data acquisition are done as follows and the process is shown in a flow chart in Fig. 3 . One sequence of target rotation and echo level recording is done for gain setting; after reading the maximum amplitude of echo data stored on the memory of the digital oscilloscope (LeCroy 9304AM) with a gain low enough not to saturate the echo level, an optimal gain is set automatically to utilize effectively the eight bit resolution of the digital oscilloscope. Also in order to achieve a high resolution, bit resolution enhancement function of the oscilloscope is used. Due to this function the vertical resolution becomes almost the same as that of nine bits, by trading off the analogue band width. We confirmed that the echo shape did not change before and after using this function. Echo data for five pings at each tilt angle are recorded on the hard disk in the oscilloscope and the echo wave forms at every fifth ping at each tilt angle are printed out to check the signal. One pair of the split beam signals are also recorded to confirm the sphere position in the beam in two dimensional plane. All measurements are automatically done from the start to the end. Target strength values are calculated by detecting the peak value in the envelope of echo pulse and by reading the echo receiving time at the front end.
Calibration was conducted before or after the measurement using a copper sphere9) (60.0 mm, TS=-33.6 dB) as shown in Fig. 2 . Water temperature was measured at every measurement to calculate sound speed using empirical equation.10) The sound speed is used to obtain the accurate range from the sphere to the transducer and the wave length in the water for the theoretical calculation of the soft prolate spheroid scattering model. After a prolate spheroidal model is attached to the rotating system (see Fig. 2 ), it is rotated at intervals of 1 degree from -50 to 50 degrees and echo data are recorded at each angle. In our definition minus means head down aspect for the case of fish but arbitrary for the prolate spheroidal model.
Data Processing
At first, binary data file recorded on the hard disk are converted to ASCII data file and the echo envelope is calculated using this filed data. Running average is adopted to obtain smooth envelope signal. This process is explained by the following equations. Echo signal, w(t), is expressed as (1) Table 2 . We made three lengths of spheroids whose major axes, 2a, are 10cm (A1-A3), 5 cm (B1-B3), and 16cm (C1-C3), respectively, and whose minor axis, 2b, are varied so as to make the ratio b/ a be 0.1, 0.15, and 0.2. Type A2 was measured two times to certify the repeatability of this measuring system.
RESULTS AND DISCUSSION
The process of envelope derivation is shown in Fig.4(a), (b) , and (c). The dot line in Fig.4(a) denotes the original echo data with a carrier wave, the thin line in Fig.4(b) denotes the envelope signal before smoothing, and the thick line in Fig.4(c) denotes the smoothed signal by the running average method. The smoothed signal agrees well to the envelope of the original wave. They are very close to one in each case. The differences between the theoretical and experimental TS patterns are found to be very small; the difference in maximum TS is only 0.04 dB in the case of A2 and even the largest difference is only 0.39 dB in B1. Generally we can see the very good agreement for a wide range of the tilt angle. There are only a slight difference even at the larger angles for two TS patterns for A2 which were measured in different days.
We see some offset between the theoretical and experimental TS patterns for B1. If we shift the experimental data so as to occur the peak TS at zero degree, the correlation coefficient becomes 0.9992. It shows that there might be some initial offset in angle when we attached the model to the vertical lines.
One of the plausible causes of slight discrepancies in the TS pattern is the difference between the actual and the ideal shape of the prolate spheroid target. Since the tip of the spheroid model is very difficult to carve because the two end points of long axis must be held, the difference may become large at the larger angles.
Variance of measured values is rather high for A3 and B3. We could not find the exact reason, but it may be explained by the bubbles in the tank. We sometimes observed bubbles produced near the transducer. The frequency of bubble generation might have increased from a certain time during experiments. The TS pattern measurement of A3 and B3 were conducted in July 11 and July 12, respectively(see Table 2 ). The other measurements were conducted before July 10. It shows us the possibility that more bubbles were generated between July 10 and July 11 than before.
There is a linear relationship11,12) between Poisson's ratio and the density and also between Young's modulus and the density of EPS within the elastic The demonstrated general good agreement between theory and measurements shows that 1) the exactness and precision of the present measuring method and system and 2) correctness of the theoretical scattering model of prolate spheroid and its calculation.
In this study we find a very good agreement between the measurements and the theory. Generally, this kind of agreement does not assure both measurement and theory, and either which is validated assures the other. But we think that the present study is not the case, and that the exactness of both the measurement and the theory are confirmed. The reasons are: 1) the measurement and the theory are completely independent, 2) we applied very precise measurement method, and 3) the theoretical model is not an approximate but exact.
Since the theory of the soft prolate spheroid scattering model is an exact model and the prolate spheroid is similar in shape to fish swimbladder, it is useful to predict general TS patterns of fish. It, however, becomes difficult to calculate the TS for higher frequencies and larger targets. In the present case, we could not calculate theoretical patterns for type C (Fig.5(f) ).
Moreover, the theory can predict TS pattern analytically only for simple shape target.14) On the other hand, deformed cylinder model15) can treat relatively complicated shape target as some kinds of fish swimbladder. It, however, only can predict TS pattern for restricted range14) of the tilt angle. Measurement of TS of a finite cylinder EPS model will be used for the certification of the deformed cylinder model or other approximate theories. Also, it may be possible to exactly reproduce the TS pattern of fish by measuring the TS of EPS model with swimbladder shape.
CONCLUSION
A precise TS pattern measurement system was constructed. In this system, we can measure TS at the tilt angle of-50 to 50 degrees at intervals of 1 degree automatically.
We made nine different spheroidal models by expanded polystyrene and measured their TS patterns. The results of the measurement and theory of the soft spheroid scattering model agreed very well in the wide range of tilt angle. The measurement system can be used for precise experimental studies of TS pattern. The soft prolate spheroid scattering model is certified by the experiments using the physical models.
